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SUBJECT: Grindstone-Lost-Muddy Creek Dam F-20

This report presents the results of field inspection and evaluation
of the Grindstone-Lost-iMuddy Creek Dam F-20 (MO 11220).

It was prepared under the National Program of Inspection of Non-
Federal Dams.

Thi- dam has been classified as unsafe, non-emergency by the St. Louis
District as a result of the application of the following criteria:

a. Spillway will not pass 50 percent of the Probable Maximum

Flood without overtopping the dam.

b. Overtopping of the dam could result in failure of the dam.

c. Dam failure significantly increases the hazard to loss of
life downstream.

SUBMITTED BY: SIGNED SEP 1980
4Chief, Engineering Division Date

APPROVED BY: SIGNED 30SEP1980
Colonel, CE, District Engineer Date
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PHASE I REPORT
NATIONAL DAM SAFETY PROGRAM

ASSESSMENT SUMMARY

Name of Dam Grindstone-Lost-Muddy Creek Dam F-20

State Located Missouri
County Located Daviess County
Stream Tributary to Smith Branch
Date of Inspection June 30, 1980

Grindstone-Lost-Muddy Creek Dam F-20 was inspected by an inter-
disciplinary team of engineers from Hoskins-Western-S-onderegger, Inc.
The purpose of the inspection was-to make an assessment of the general
conditions of the dam with respect to safety, based upon available data
and visual inspection, in order to determine if the dam poses hazards
to human life or property.

The guidelines used in the assessment were furnished by the Department
of the Army, Office of the Chief of Engineers and developed with the help

* of several Federal and State agencies, professional engineering organizations,
and private engineers.

Grindstone-Lost-Muddy Creek Dam F-20 has a height of twenty-seven (27)
feet and a storage capacity at the minimum top elevation of the dam of one
hundred (100+) acre-feet. In accordance with the guidelines, a small size
dam has a height greater than or equal to twenty-five (25) feet but less
than forty (40) feet and a storage capacity greater than or equal to fifty
(50) acre-feet but less than one thousand (1,000) acre-feet. The size
classification is determined by either the storage capacity or height, which-
ever gives the larger size category. Grindstone-Lost-Muddy Creek Dam F-20
is classified as a small size dam.

In accordance with the guidelines and based on visual observation, the
dam is classified as having a high potential for damage and loss of life.
Failure would threaten life and property. The estimated damage zone extends
approximately two (2) miles downstream of the dam. Within the damage zone
are three dwellings, a garage, and a barn.

Our inspection and evaluation indicates that the spillway does not
meet the criteria set forth in the recommended guidelines for a small dam
having a high hazard potential. Considering the small volume of water im-
pounded and the downstream channel from the dam, one-half of the Probable
Maximum Flood is the appropriate spillway design flood. The spillways
will not pass the 100-year flood (1% probability flood, a flood having a
one percent chance of being exceeded in any year) without overtopping the
dam. The spillways will pass 24% of the Probable Maximum Flood without
overtopping the dam. The Probable Maximum Flood (PMF) is defined as the
flood that may be expected from the most severe combination of critical
meteorologic and hydrologic conditions that are reasonably possible in the
region.
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Based on available data and on the field inspection of the dam, the
following remedial measures should be performed under the guidance of a
professional engineer experienced in the design and construction of dams:

a. Alternatives.

(1) The emergency spillway size and/or the height of dam should
be increased to pass 50% of the Probable Maximum Flood with-
out overtopping.

b. Operating and Maintenance Procedures.

4 (1) The vegetative growth around the principal spillway entrance
should be removed and the area should be kept clear to pre-
vent a reduction in the principal spillway capacity.

(2) The willows in the principal spillway outlet channel should
be removed and measures taken to prevent their recurrence.

(3) The dam should be inspected at regular intervals and records
of the inspections made a part of the project file on this
dam.

R7ey S. Decker
E-3703

* Gordon Jamison

arol mer
E-19246

Harold P. Hoskins, Chairman of the Board
Hoskins-Western-Sonderegger, Inc.
E-8696
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PHASE I INSPECTION REPORT
NATIONAL DAM SAFETY PROGRAM

GRINDSTONE-LOST-MUDDY CREEK DAM F-20 - MO 11220
DAVIESS COUNTY, MISSOURI

SECTION 1 - PROJECT INFORMATION

1.1 GENERAL

a. Authority. The National Dam Inspection Act, Public Law 92-367,
authorized the Secretary of the Army through the Corps of
Engineers, to initiate a program of safety inspection of dams
throughout the United States. Pursuant to the above, the St.
Louis District, Corps of Engineers, District Engineer directed
that a safety inspection of Grindstone-Lost-Muddy Creek Dam
F-20 be made.

b. Purpose of Inspection. The purpose of the inspection was to make
an assessment of the general condition of the dam with respect to
safety, based upon available data and visual inspection, in order
to determine if the dam poses hazards to human life or property.

c. Evaluation Criteria. Criteria used to evaluate the dam were
furnished by the Department of the Army, Office of the Chief
of Engineers, in "Recommended Guidelines for Safety Inspection
of Dams", Appendix D to "Report of the Chief of Engineers on
the National Program of Inspection of Dams," dated May, 1975,
and published by the Department of the Army, Office of the
Chief of Engineers.

1.2 DESCRIPTION OF PROJECT

a. Description of Dam and Appurtenances.

-1 (1) The dam is an earthen flood control dam about 725 feet in
length and 27 feet in height, with a storage capacity at the
minimum top of dam of 100± acre-feet. It is located in the
Iowa-Missouri Heavy Till Plain Resource area of the Central
Lowlands Physiographic area about 5.5 miles west of Altamont,
Missouri.

(2) The principal spillway consists of a 30-inch corrugated metal
pipe drop inlet (riser) with trash rack and antivortex device
and a 24-inch corrugated metal pipe conduit passing through
the base of the dam.

(3) A vegetated earth emergency spillway is cut through the left
abutment.

(4) Pertinent physical data are given in paragraph 1.3 below.

-1-



b. Location. The dam is located in the extreme western portion of
Daviess County about 5.5 miles west of Altamont. It is located
in the SW 1/4, Sec. 30, T59N, R29W as shown on Plate A-I.

c. Size Classification. Criteria for determining the size classi-
fication of dams-Td impoundments are presented in the guidelines
referenced in paragraph 1.1c above. This dam has a height of 27
feet and a storage capacity at the minimum top elevation of the dam
of 100 acre-feet. This dam is classified as a small dam. A small
dam has a height greater than or equal to 25 feet but less than
40 feet and a storage capacity greater than or equal to fifty acre-
feet but less than 1,000 acre-feet. The size classification is
determined by either the storage capacity or height, whichever
gives the larger size category.

d. Hazard Classification. Guidelines for determining hazard classi-
fication are presented in the same guidelines as referenced in
paragraph 1.1c above. Based on referenced guidelines and on vis-
ual observation, this dam is in the High Hazard Classification.
The estimated damage zone extends about two miles downstream of
the dam. Within the damage zone are three dwellings, a garage
and a barn at 0.6 miles.

e. Ownership. The dam is owned by the Grindstone-Lost-Muddy Creek
Watershed Subdistrict, P.O. Box 117, Maysville, Missouri 64469.
It is on property owned by Mrs. Gertie Lee, c/o Wesley Lee, Jr.,
Route 1, Box B-146, Weatherby, Missouri 64497.

f. Purpose of Dam. The dam was constructed for grade stabilization
with flood control features under the Watershed Protection Act,
P.L. 566.

g. Design and Construction History. The dam was designed by the Soil
Conservation Service (SCS), Columbia, Missouri. It was construc-
ted in 1975 with the SCS providing technical supervision and
quality control during construction.

h. Normal Operating Procedure. There are no controlled outlet facil-

ities for this dam except the 8-inch diameter drawdown pipe.

1.3 PERTINENT DATA

a. Drainage Area. 162.0 acres (0.253 square miles).

b. Discharge at Damsite.

(1) All discharges at the damsite are through an uncontrolled
30-inch diameter corrugated metal pipe drop inlet (riser)
which is connected to a 24-inch diameter corrugated metal
pipe conduit and through an uncontrolled, vegetated earth
emergency spillway.

-2-
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(2) Estimated maximum flood at damsite - Mr. Wesley Lee
reported that the highest water he had seen was approximately
4 inches over the riser.

(3) The principal spillway capacity varies from 0 c.f.s. at
elevation 56.0 feet to 36 c.f.s. at the crest of the
emergency spillway (elevation 58.4 feet) to 45 c.f.s.
at the minimum top of dam (elevation 60.2 feet).

(4) The emergency spillway capacity varies from 0 c.f.s.
at its crest elevation 58.4 feet to 265 c.f.s. at
elevation 60.2 feet (minimum top of dam).

(5) Total spillway capacity at the minimum top of dam is
310 c.f.s. +.

c. Elevations (feet-assumed).

(1) Observed pool - 55.4

(2) Normal pool - 56.0

(3) Spillway crests

Principal - 56.0

Emergency- 58.4

(4) Maximum experienced pool - 56.4 +

(5) Top of dam (minimum) - 60.2

d. Reservoir. Length (feet) of pool

(1) At principal spillway crest - 800 ±

(2) At emergency spillway crest - 900 ±

(3) At top of dam (minimum) - 1,000 ±

e. Storage (Acre-feet).

(1) Observed pool - 50 +

(2) Normal pool - 55 +

(3) Spillway crests

Principal - 55 +

Emergency - 77 +

-3-
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(4) Maximum experienced pool - 56 +

(5) Top of dam (minimum) - 100 +

f.,. Reservoir Surface (Acres).

<(1) Observed pool - 7.5 +

(2) Normal pool - 8.3 +

(3) Spillway crests

Principal - 8.3 +

Emergency - 10.1 +

(4) Maximum experienced pool - 11.5 +

(5) Top of dam (minimum) - 12 +

g. Dam.

(1) Type - Rolled earth fill

(2) Length - 725 feet +

(3) Height - 27 feet +

(4) Top width - 14 feet

(5) Side slopes.

(a) Downstream - IV on 2.5H with 10 foot wide berm

(b) Upstream - IV on 2.5H with 10 foot wide berm

(6) Zoning - Homogeneous

(7) Impervious core - Homogeneous

(8) Cutoff - Depth varies from 4 to 8 feet, 12 foot bottom
width, IV on 1H side slopes

(9) Grout curtain - None

(10) Wave protection - Vegetated earth berm

(11) Drains - None

h. Diversion Channel and Regulating Tunnel. None

-4-
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i. Spillway.

(1) Principal

(a) Type - Uncontrolled drop inlet with a 30-inch
diameter corrugated metal pipe riser and a
24-inch diameter corrugated metal pipe conduit.

(b) Crest (invert) elevation - 56.0

Outlet - 34.0

(c) Length - 124 feet

(2) Emergency

(a) Type - vegetated earth, uncontrolled cut through the
left abutment. Bottom width - 40 feet; side
slopes - IV on 3H; exit channel slope - 0.065 ft./ft.

(b) Control section - A level section 30 ft. long near
the centerline of the dam.

(c) Crest elevation - 58.3

d) Upstream Channel - Open and clear

(e) Downstream Channel - Vegetated, slope - 0.065 ft./ft.,
discharging about 200 feet down-

*stream from the dam.

j. Regulating Outlets. None

-5-



SECTION 2 - ENGINEERING DATA

2.1 DESIGN

This structure was designed by the Soil Conservation Service,
Columbia, Missouri. Copies of the Geologic and Soil Mechanics
Reports are included in Appendix E. The plans are included in
Appendix C.

2.2 CONSTRUCTION

The dam was constructed in 1975. The SCS provided technical super-
vision and quality control for the construction.

2.3 OPERATION

No data were available on spillway operation. It was reported
by Mr. Wesley Lee that the emergency spillway has never operated.

2.4 EVALUATION

a. Availabilit X . The data in Appendix C and Appendix E were
readily available from the S.C.S.

b. Adequacy. The design reports, plais, field surveys and visual
observation presented herein are considered adequate to support

-- the conclusions of this report. Seepage and stability analyses
comparable to the requirements of the "Recommended Guidelines for
Safety Inspection of Dams" presented in the SCS report in Appendix
E are considered adequate.

c. Validity. The data and analyses are considered valid and adequate.

-6-
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SECTION 3- VISUAL INSPECTION

3.1 FINDINGS

a. General. A visual inspection of the Grindstone-Lost-Muddy
Creek Dam F-20 was made on June 30, 1980. Engineers from
Hoskins-Western-Sonderegger, Inc., Lincoln, Nebraska making
the inspection were: Rey S. Decker, Geotechnical; Garold
Ulmer and Gordon Jamison, Hydrology and Hydraulics. Mr.
Wesley Lee accompanied the inspection team.

b. Dam.

(1) Geology and Soils (Abutment and Embankment). This site
is located in the Iowa-Missouri Heavy Till Plains area.
Abutments consist of stiff clay till (Kansan) CL-CH.
The alluvial valley material consists of stiff silty clay
(CL) underlain at shallow depths by siltstone, shale
and/or limestone bedrock. Bedrock is exposed in the scour
hole at the end of the pipe spillway. Materials in the
dam consist of CL-CH material borrowed from the reservoir
area and upstream abutments.

(2) Upstream Slope. The upstream slope is well vegetated
with grass and cattails along the waterline. No slumps
or slides were observed, nor was there any erosion.
Photo No. 2 shows the upstream slope.

(3) Crest. The crest is well vegetated with adapted grasses.
Measurements show the crest elevations to be very uniform
and according to the plans. No slumps or deformations
were observed. A number of drying cracks, up to 1/4
inch wide, were observed on the crest, as shown in
Photo No. 11. The same cracking pattern was observed in
the emergency spillway which is cut through natural
material. The crest is shown in Photo No. 3 and Plate
C-10 of Appendix C.

(4) Downstream Slope. The downstream slope is well vegetated
with adapted grasses. No cracks, slumps or deformations
were observed on the slope. Measurements indicate that
it was constructed according to the plans. Evidence of an
old seep area (dead cattails) was observed downstream from
centerline station 6+50. Borings in this area showed no
free water to depths of 2 feet. Another seep area occurs
downstream from centerline station 5+00 to 6+00. Free
water was ponded in this area with no observable flow.
Both of these seep areas occur on the berm. Another
seep area is located downstream from the berm at about
centerline station 5+50. Mr. Lee reported that this seep
(spring) was there when the dam was constructed and results

-7-
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from seepage through the bedrock. Photo No. 4 shows the
downstream slope. Photos 12 and 13 show the seeps on the
berm.

c. Appurtenaht Structures.

(1) The principal spillway is uncontrolled and consists of a
30-inch corrugated metal pipe riser shown in Photo No. 8
and a 24-inch corrugated metal pipe conduit shown in
Photos 14 and 15. The pipe appears to be in good condition.
Cattails and grass block part of the entrance to the riser.
Cathodic protection measures were installed on the pipe
conduit. The activity of the protective measures is
monitored by SCS through the "test station" shown on the
plans.

(2) The emergency spillway is an uncontrolled earth channel
cut through the left abutment. The spillway is very well
vegetated. No slumps or slides were observed in the
spillway. There was no evidence of flow through the
spillway and no erosion was evident (except for vehicular
tracks). Drying cracks similar to those on the crest of
the dam were observed in the natural soil in the spillway
bottom. Photos 5 and 6 show the spillway.

(3) Drawdown Facility. The drawdown facility consists of an
8-inch corrugated metal pipe into the 30-inch corrugated
metal pipe riser located 4 feet below the crest of the riser.

d. Reservoir Area. The area around the reservoir is well grassed.
No slumps or slides were observed. No significant erosion was
evident around the shoreline. Photo No. 9 shows a portion ofthe reservoi r.

e. Downstream Channel. The channel downstream from the principal
spillway appears to be stable (rock is exposed in the plunge
pool). A number of willows are growing in the downstream
channel.

3.2 EVALUATION

This dam appears to be in good shape with no serious deficiencies
nor potential of failure. Measurements indicate that it was con-
structed in accordance with the plans. Seepage along the downstream
slope does not appear to adversely affect the integrity of the
structure. Some minor deficiencies in maintenance (heavy growth of
cattails around the entrance to the principal spillway, trees in the
outlet channel) should be corrected.

-8-



SECTION 4 - OPERATIONAL PROCEDURES

4.1 PROCEDURES

There are no controlled outlet works for this dam except the
small drawdown pipe. The pool level is controlled by rainfall,
infiltration, evaporation, and the capacity of the uncontrolled
spillways.

4.2 MAINTENANCE OF DAM

Maintenance appears to be reasonably good. Vegetative growth
around the inlet of the principal spillway and in the outlet
channel should be controlled.

4.3 MAINTENANCE OF OPERATING FACILITIES

No operating facilities exist at this dam.

4.4 DESCRIPTION OF ANY WARNING SYSTEM IN EFFECT

There is no warning system in effect for this dam.

4.5 EVALUATION

The maintenance of the dam appears to be good with the exception of
the vegetation which has been allowed to grow around the principal
spillway inlet and the uncontrolled growth of willow trees in the
principal spillway outlet channel.

-9-



SECTION 5 - HYDRAULIC/HYDROLOGIC

5.1 EVALUATION OF FEATURES

a. Desisn Data. "As built" plans for this dam were furnished by
the Soil Conservation Service and are shown in Appendix C.
Pertinent hydraulic and hydrologic data used in evaluating
the dam are shown in Appendix C, Plate C-9.

b. Experience Data. The drainage area, reservoir surface area,
and elevation-storage data were developed from the SCS plans.
The hydraulic computations for the spillway and dam overtopping
discharge ratings were based on data collected in the field at
the time of the field inspection and information taken from
the "as built" plans.

c. Visual Observations.

(1) The drop inlet pipe, trash rack, and anti-vortex plate
appear in excellent condition. However, entrance conditions
to the riser are becoming blocked with heavy grass and cattails.
The outlet end of the pipe was also in excellent condition.

(2) The emergency spillway is very well vegetated with adapted
grasses. There is no indication that the emergency spillway
has ever operated.

d. Overtopping Potential. The spillways are too small to pass 50%
of the probable maximum flood without overtopping. The spillways
will pass the 1% probability flood as well as 24% of the probable
maximum flood without overtopping the dam. Overtopping is dangerous
because the flow of water over the crest will erode the face of
the dam and, if continued long enough, will breach the dam with
sudden release of all of the impounded water into the downstream
floodplain.

The results of the routings through the dam are tabulated in

regards to the following conditions:

*Maximum Duration

Inflow Outflow Maximum Depth Over
Discharge Discharge Pool Over Dam Top

Frequency c.f.s. c.f.s. Elevation Feet Hours

1% 800 150 59.4 0 ---

1/2 PMF 1410 1270 60.9 0.7 2
PMF 2820 2780 61.4 1.2 5

0.2+ PMF 690 310 60.2 0 ---

* Minimum top of dam elevation - 60.2

-10-



According to the recommended guidelines from the Department of the
Army, Office of the Chief of Engineers, this dam is classified as
having a high hazard rating and a small size. Therefore, the 1/2
PMF to PMF is the test for the adequacy of the dam and its spillway.

The estimated damage zone is described in paragraph 1.2 d in this
report.

I
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SECTION 6 - STRUCTURAL STABILITY

6.1 EVALUATION OF STRUCTURAL STABILITY

a. Visual Observation. Measurements indicate that the dam was
constructed according to the plans. It is considered to be
structurally stable. Stability analyses provided by the
SCS show adequate safety factors with phreatic surface
developed from emergency spillway elevation and no downstream
drainage measures. Therefore, seepage observed in the lower
section of the downstream slope should not endanger the
safety of the dam from the standpoint of strength. The
nature of materials in the dam and foundation indicate that
seepage at the toe would not endanger the stability of the
dam from the standpoint of internal erosion and piping.

b. Design and Construction Data. Design data and "As Built" plans
were available from the Soil Conservation Service and are
included as Appendix C and Appendix E of this report. Seepage
and stability analyses presented in the SCS reports are con-
sidered adequate for this structure.

c. Operating Records. There are no controlled operating facilities
for this dam.

d. Post Construction Changes. There have been no post construction
changes for this structure.

e. Seismic Stability. This dam is located in Seismic Zone 1, an
earthquake of the magnitude predicted in this area is not
expected to cause structural failure of this dam.

12
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SECTION 7 - ASSESSMENT/REMEDIAL MEASURES

7.1 DAM ASSESSMENT

a. Safety. The dam appears to be in excellent structural condition
with little likely potential of1filure. The flood from one-half
the Probable Maximum Flood will overtop the dam by 0.7 feet for
a period of 2+ hours. Overtopping is dangerous because the flow
of water over the crest will erode the face of the dam and, if
continued long enough, will breach the dam with sudden release of
all of the impounded water into the downstream floodplain. The
few minor deficiencies in maintenance should not seriously affect
the safety of the structure.

b. Adequacy of Information. The design data and the "As Built"
plans furnished by the SCS and included as Appendix C and
Appendix E of this report and the visual observations made
during the inspection are considered adequate to support the
conclusions and recommendations presented in this report.
Seepage and stability analyses presented in the SCS reports
are considered adequate for this structure.

c. Urgency. There does not appear to be an immediate urgency to
accomplish the remedial measure recommended in paragraph 7.2a.

d. Necessity for Further Investigations. Prior to any action
being taken on the remedial measure recommended in paragraph
7.2a, the owner should conduct a breach routing of the dam to
determine the downstream effects of the failure of the dam.

e. Seismic Stability. This dam is located in Seismic Zone 1. An
earthquake of this magnitude is not expected to be hazardous
to this dam.

7.2 REMEDIAL MEASURES

The following remedial measures and maintenance procedures &re recom-
mended. All remedial measures should be performed under the guidance
of a professional engineer experienced in the design and construction
of dams.

a. Alternatives.

(1) The emergency spillway size and/or the height of dam should
be increased to pass 50% of the Probable Maximum Flood with-
out overtopping.

-13-
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b. Operating and Maintenance Procedures.

(1) The vegetative growth around the principal spillway entrance
should be removed and the area should be kept clear to pre-
vent a reduction in the principal spillway capacity.

(2) The willows in the principal spillway outlet channel should
be removed and measures taken to prevent their recurrence.

(3) The dam should be inspected at regular intervals and records
of the inspections made a part of the project file on this
dam.

I14
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GRINDSTONE -LOST -MUDDY CREEK DAM F-20 PHOTO INDEX
DAVIESS COUNTY, MISSOURI

MO. 11220 PLATE B-i
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PHOTO NO. 2 -UPSTREAM FACE FROM LEFT ABUTMENT

PHOTO NO. 3 -CREST FROM LEFT ABUTMENT

PLATE 8-2
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PHOTO NO. 4 - DOWNSTREAM SLOPE FROM LEFT END

PHOTO NO. 5 - VIEW UPSTREAM IN EMERGENCY SPILLWAY
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PHOTO NO. 6 -VIEW DOWNSTREAM IN EMERGENCY SPILLWAY

PHOTO NO. 7 -PRINCIPAL
SPILLWAY RISER

PLATE BA-4
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PHOTO NO. 8 - PRINCIPAL SPILLWAY RISER

2

PHOTO NO. 9 - VIEW UPSTREAM ACROSS PRINCIPAL SPILLWAY RISER

PLATE B-5



PHOTO NO. 10 - VIEW DOWNSTREAM AT EXIT CHANNEL FOR
PRINCIPAL SPILLWAY

d

PHOTO NO. 11 -

TRANSVERSE CRACK IN
CREST OF DAM. (IMM4EDI-
ATELY TO LEFT OF AUGER)

'I 
I

PLATE 8-6



PHOTO NO. 12 - SEEP AREA ON RIGHT DOWNSTREAM TOE

PHOTO NO. 13 - SEEP AREA
NEAR RIGHT DOWNSTREAM
TROUGH

P -

PLAT B-7



PHOTO NO. 14 -VIEW DOWNSTREAM AT END OF PRINCIPAL SPILLWAY CONDUIT

I I

)

it

V

PHOTO NO. 15 - VIEW UPSTREAM AT PRINCIPAL SPILLWAY OUTLET
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PHOTO NO. 16 - HOME ONE-HALF MILE DOWNSTREAM

PHOTO NO. 17 - HOME AND BARN ONE-HALF MILE DOWNSTREAM
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APPENDIX D
HYDRAULIC AND HYDROLOGIC DATA



HYDROLOGIC COMPUTATIONS

1. The SCS dimensionless unit hydrograph and the systemized computer
program HEC-1 (Dam Safety Version), July 1978, prepared by the
Hydrologic Engineering Center, U.S. Corps of Engineers, Davis,
California, were used to develop the inflow hydrographs (See this
Appendix).

a. Twenty-four hour, one percent probabilistic rainfall for the dam
location was taken from the data for the rainfall station at
Chillicothe, MO. as supplied by the St. Louis District, Corps of
Engineers per their letter dated 4 March 1980. The twenty-four
hour probable maximum precipitation was taken from the curves of
Hydrometeorological Report No. 33 and current Corps of Engineers
and St. Louis policy and guidance for hydraulics and hydrology.
The rainfall distribution is inherent in the HEC-1 (Dam Safety
Version) computer program and is distributed according to EM 1110-
2-1411 (See Section 4a).

b. Drainage area = 0.253 square miles (162.0 acres).

c. Time of concentration of runoff = 15 minutes (taken from the SCS"as-built" plans, and compared to 18 minutes as computed by the
Kirpich formula).

d. The antecedent storm conditions for the probable maximum pre-
cipitation were heavy rainfall and low temperatures which
occurred on the previous 5 days (SCS AMC III). The antecedent

dstorm conditions for the one percent probabilistic precipitation
were an average of the conditions which have preceded the
occurrence of the maximum annual flood on numerous watersheds
(SCS AMC II). The initial pool elevation was assumed at the
invert of the principal spillway.

e. The total twenty-four hour storm duration losses for the one
percent probabilistic storm were 2.33 inches. The total losses
for the PMF storm were 1.16 inches. These data are based on SCS
runoff curve No. 80 and No. 91 for antecedent moisture conditions
SCS AMC II and AMC III respectively. The watershed is composed
of primaril SCS soil groups C and D (Lamoni-Shelby-Zook soil
association) with approximately 75% in grass and woods and the
remainder under cultivation in legumes. Almost the entirewatershed is contoured.

f. Average soil loss rates = 0.05 inch per hour approximately (For
PMF storm, AMC III).

2. The combined discharge rating consisted of three components: the
flow through the principal spillway, the flow through the emergency
spillway and the flow going over the top of the dam.

a. The principal spillway rating was developed by using the weir,
orifice and full conduit flow equations.

PLATE D-1



(1) Weir Flow equation (Q : CLH 1"5 )
where C = weir coefficient = 3.4 (from USGS TWRI, Bk. 3, Ch. A5)

L = effective weir length, ft. = 7.8
H = total head, ft.

(2) Orifice equation - Q = CA I2
where C = orifice coefficient = 0.6

A = area of riser, sq. ft. = 4.9
h = total head, ft.

(3) Full conduit flow equation

Q = a 2H1l+ Kr + KpL

where a = cross-sectional area of pipe, ft2 = 3.14
H = total head, ft.
Kr = coefficient for riser = 1.0
K= coefficient for pipe friction loss = 0.0459
P (ES-42, SCS NEH, Section 5)
L = length of pipe, ft. = 131 (field measurement)

b. The emergency spillway rating curve was developed using the Corps
of Engineers, Water Surface Profile HEC-2 computer program. The
slope-area method was used assuming an estimated energy slope of
0.033 ft/ft.

c. The flows over the dam were determined by using the dam over-
topping analyses (irregular top of dam) within the HEC-1 (Dam
Safety Version) program.

3. Floods were routed through the reservoir using the HEC-1 (Dam Safety
Version) program to determine the capabilities of the spillway and
dam embankment crest. The input, output and plotted hydrographs are
attached in this Section.
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Frm SCS.376A
st1 .t 1 of ". UNITED STATES DLPJLT-. 1ENT OF 4GRICULTURE

SOIL CONSERVATION SERVICE

DETAILED GEOLOGIC INVESTIGATION OF DAM SITES

GENERAL

State area County -Sec. T . - R ..... Water-hed .

Subwatershed- Fund class tre (ows ram-,:Ma Site number .t-l _ _ _ _Site group _ _._Structure clas e. ~ ~~~~~~(FP-2, WP., etc.) .- " • . ,-- "- "

Investigated by fc.ae fEquipment used i
/

uired.. .. ... ",rDated(signature and title) '"• .. :,-(Typo, size, make, made), etc4j

SITE DATA

Drainage area size s - . rq. mi., _ (.. acres. Type of structure . ) Z -7 A! P , Purpose ".-" "

Direct~on Of valley trend (downslream) .. " -.. Maximum height of fill - fe.Lntffl feet.

Estimated volume of compacted fill required -0 e. '" ) -' yards

STORAGE ALLOCATION

Volume (ac. ft.) Surface Area (acres) Depth at Dam (feet)

Sediment !2Z-' J_."_, ,

Floodwater 3 C'2 3 .1 _ _, " -

SURFACE GEOLOGY AND PHYSIOGRAPHY

Physiographic description ,.. . - Topography __""_____ "_ .. _ • Attitude of beds: Dip -_-_-_Z _ Strike " _

Steepness of abutments: Left " percent; Right percent. Width of floodplain at centerline of dam feet

General geology of s~te:

. / .. . .1,- - . , , , - .. - . , . .

, .; j /; i... ___-,__-

" ..... • // ;r.r_ ' .- <. : , - . .I __ _-..__ ___ . .-,-__ .... __._..._



U. S. DEPARTMENT OF AGRICULTURE 1 "-/4 " ,, -F O. / &? FORM SCS.376B
SOIL CONSERVATION SERVICE V-. 2-64

DETAILED GEOLOGIC INVESTIGATION OF DAM SITES

FEATURE ' / //
(CENTERLINE OF DAM. PRINCIPAL SPILLWAY. EMERGENCY SPILLWAY, THE STREAM CHANNEL. INVESTIGATIONS FOR DRAINAGE
OF STRUCTURE. BORROW AREA. RESERVOIR BASIN. ETC.)

DRILLING PROGRAM

NUMBER OF SAMPLES TAKEN

EQUIPMENT USED NUMBER OF HOLES UNDISTURBED DISTURBED

EXPLORATION SAMPLING (STATE TYPE) LARGE SMALL

TOTAL ./___ _----_._I

SUMMARY OF FINDINGS
(INCLUDE ONLY FACTUAL DATA)

A Z /' - " .. " . ., /--{ /3 I

- ' ,, , ,.- ,

i,....5 , 4 -- -., L, <.i< , ., ,Z'., c. e,,, <.,,,+
o'5

2*do

-0ee



U. S. DEPARTMENT OF AGRICULrURE SCS.376C

SOIL CONSERVATION SERVICE REV. 2-4.

MHET - -3 .OF .~...

DETAILED GEOLOGIC INVESTIGATION OF DAM SITES

WATERSHED SUBWATERSHED COUNTY jSTATE

SITE NO. SITE GRO IUP STRUCTURE CLASS INVESTIGAT.D BY: SIGNATURE OF GEOLOIST' DATE
(4.-. 0-.

F-2 o . -I. .. -..... .- /--

INTERPRETATIONS AND CONCLUSIONS

*~ ~ l &0&*4 e- 7 A o £/A ~ 4We.. eI-e c-'e,- .

a a7i 777 c%'~ e- ,siw e

: /4// /, /-l/

/ e - Z , Z3

e- / " .1'4'. 7 e" e

/4lk a e A- 4,e

ex e4&4

- zx ee-I

8<

4

4.w
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'ZS- 3 15-67)

UNITEZ STATES C3\'tENNENT

,~~~~U uS. DrPAR'TMENT OF~c~L

.. L1C ~t, iCYIUIL il.'SOIL CON' EI'VA* ION z. sRVzCE

TO Jam-es M. Dale, State Coneervation Enjineer, DATE,: April 8, 19159
SCS, Colimbia, Missouri.

FROM LIfn P. D-,nni,'an, Hsia, Soil Mechanics Laboratory,
SCS, Lincoln, Nebrask~a

~UflJEET: E3 22-'3;, Missouri WP-05, Grindstone-Lost-Muddy Creek, Site N~o. F-20

(Davies County)

1. F-'m SCS-354, Soil 11'echanics tabocratcry Data, 1 sheet.
2. Frm SS-.55A, Tria.-ial Shear Test Elata, 1 :et

3. Fcm SCS-352, Conpaction- anii Penetratlion Recistan'ce, 2 Z:'eets.
4. Fcnn SCS-357, S'Za'~ - lcpe Stability Analysis, 3 srhee-'s.

A. Be trock: Tio be-Ircck at th.e s4ite 2CiZ c f al and. ci].stone
with cc-.ne: initerbediei tlhir beL-i of lizcstornc tL ---alow 7enthis. 7-'2
beirock isn reportedily c1L Pen:isyl-:a :1a'n av.P

B. Soil C~a ifJ.'fi:ati:': The sam~ple fr::n 71 3 01 is classifieci aS CL
.azerial ~Iia -Lii.' !Lnt of 3)' ani. a FI of_; 20. Bot- a.t.n-entS are
lo::ed as CL till.

C. S!.ar S'-- 'th: U~1sfeIsn.7los were not Esf-mtntel 1'r-:- t!ciz
si':e. A ui ,w ccunt cf 7 --o~ e 7 to E-2oct~~t i I>a
recoar e,! d:~ ba sz irocn thi-'s ci *cu~t oIc S s re n. :th ara-.eter-.
of~ 1- l.50, c = 11 O oD:f are S'_ -ute:. Th e se srp-.
are from site o.D3 on ti

A. (7!ass4.f -_ -~ n ",c i-,w z'-,: t 4- 4 t are 'ror, u-0 troin ::
L)z rr o,; a c s 2 a (ITz 13 '-, ~q_
lizits of 4c (e I9 c2) S',=~ rnn 1 (-.: 2). Tasa-uples

an 2 ',a ac- : eiy of iC)'r

Of _107.0.



2 Ja:.-,es M. Daile -- 4/8/69
Lorn' P. Dunni. -an
Subj: NG 22-5, Missouri WP-03, Grindstone-Inst-Muddy Creek, Sitc F-2-0

C. Shear Strenc7th: A consolidated unlinined shear test was rnade on
Sample b)W1301O (Field No. 102.1) compacted to avera-e density of
101.5 pef, which is 92.6 percent of standard Prctlor. The test i6
interpreted to yield'shear stren:-th parameters cf~ 550*, c =625
psf. Scample &636, from Site No. B-3' 6 GrnsoeLs-udwhich
closely approximates the alluvial materials on this site (F-20) has
streng;th parameters of =6.50, c = 825 Psf.

SLOPE STABILITY

A. Maxi1zium Section at Station 7+87. A 27.3-foot hig.h' embar?-ment was
analyzeda cornsiiering d--yin,; cracks to th-e phzreatic Ourface izn all the
moified Swedish circle method trials. In addition, the upstrea=
analysis considers rapid drawdown from the einer~cnL spillway elevation
to the base of the embankment, no ber!!, a-ld erbanlz :ent shear stren-. Zn
parameters of Q = 5.50, c = 629 nsf. U.-.iler these conditions a
factor of cafety of 1.69 was computed. Tne upstream- analysis co-::sfiderei
2 1/2:1 ermban--kzent slopes.

The dovnstream stability analysis cons Liprations are identical to tihe
upstream with the exception that a full prreatic cur;--face (no -!:a n,
is consideredl in place of rapid iraw, own. A fac-,cr of znfetv of 1.76
was obtainei for the downstream 2 1/2:1 slooe.

B. Floc0'1hlain Ser'. Cn 9At 3 t-tlc:x 6+-:). A 1P.3-foot ,;nstrean e,-'a1-z:-ent?1
waz ar-.alyzei cc:irwa.: 1-Li.-kAo ie cf compressible fu:zo
mateial. Factors of safety abc.,e 3.0 were obtaine.z for this alsi
ani are fully Jes:zribed on thie aztac'- Soz~ary - Slope Stability
Analy.:s, Grinistone-Lost-Muddy Site "',z. F-20.

FEC 0!.=AT T -:'

A. Cutoff ?rec' We cot-cur- with thie e-nineer' s rec~ -enle c uz::
te -.c .ph. .xe cutoff tren:!h will bo- ttcm in C- t. - -sn CL
alluvi=, in the abutments , left channel section, an. the flocx17 ain.
The trench will bottom in bedrock in the right channel section.

B. Prh r~S~la:At the proposed location the foun-intion consist's
of abc-.t -0 feet of 7-blow-count materfil. overL.'in- 'tedrock. ?,Is-;
on b1luw couint, fou'-niation conLsolidiatio-, is ex-,ectei to0 be low for the
propose I f-ll71i1 t

C. Di:The trench will bot.tomn in stiff to nediur CL (,n = 7) and roocd
cu;tof-f is anticipate i wita,- thec cutI'offr-no irt. 2.~mele

thle en-ineer's reotfor thi's site, arn! a Arain. iz not, consilered
neceosar,,.



3 -- Janes M. Dale -- /169
Lorn P. Dunnigan
Sub": ='] 22-5, IMii-ouri WP-0[ ,, Grindt.one-Lost-Mudiy Creek, Site F-20

D. Embanizment Desi:-n:

.. Placement ofMaterials: The borrow sa.nples Eubmitted h'ave about
thie s~liq-uid Iizs. We concur with the en;ineer's reccm-
mendation that the higher p]aT.zicitv m tcrials be u*.ilizei in th3
interior portions of the emb-L.d.ment fill and the less plastic
materials be utilized as a blarket to reduce the possibility of
drying cracks and pro.mote veg:etative cover.

All materials shouli be placed at a minimum of 90 percent of
standard Proctor Jensity with moisture conzvollcd n'Car optimm.

2. Slopes: With the embank ent. at 90 percent of Proctor ani no
drai.n, the proposcd 2 112:1 ckpes are extectei to be stable.

3. Settlcn-ent: An overfill all-nce of 0.5 fs-c is s">'est'e tc'
com e:: te for residual cun~ol!atic, withi:. t:-.e fcu:-.,atio:n a:n-
embar'Xent.

Pre oared by:
" " ,- '/ _ _

Geraild N. GibLL) .,

Eeviewed and Approved by:

Lon P. Dunn Jan

Attach:ments

cc:
Project Office, Maiysville, Missouri (2)

E. D. Butler, Lincoln, Nebraska

Prjc fie asilMsor 2
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TEST'ING~ iUKIOTIjSOIL CONSE-RV.U'ION S":;',NzC:*; A R X A- SIIEA R T ES T
FR.-L c'd StIAE SA*0.ILE LCCATIro?

F ELD 54 .VPLE NO TCIFT. GEOa.CG G ORIGINj

TYPf OF SA4PLE TESTEG AT JPRO~ k Y OAT E

INDE X TEST DATA SPECll.MEN% DATA TYPE UF

USCS C - ; L___ 12 EGT~6 ' IMTRTEST

%/FINER (mm): 0.002 01 0.005 -5 7. MATERIALSt TESTED PASSED S) E SVE UU
0.074 0 200) 7-9 METHOD OF PREPARATION 4 ' Cu

Gs e'4) Z. -7 ; Gs (+4) 7_______ //~A rwF-'u-"i
STANDARD: Yd %MAX.4.97pcf; wo 17,0) % MOLDING MOISTURE -"/ -- %C

*MODIFIED: 'yd MA1-X. ____pcf; WO - 0/ OLDED AT-:,-.,/I% OF Td~ MAX :MUM

DRY DENSITY MOISTURE CONTENT, TIM1E OF mI~o R DEVIATOR AXIAL
*INITIAL 1 OSL-START CD-G.OF SAT E iD CONSOLI- jPRiliJCIPL STRESS 's-,RAINJ AT I

pc Z p c L' OF AT START OF DA-O STRESS o,-a 3 FIUE
yCC g yc = _____ EST OF TEST TEST (hr) 3 (PSI) (s) E Oe

* /3.'f.U. /c:. 7_1 _ -T_ l'.,- . I:. 5 .

"a' -___ ____23.3 l9.C .':s.

00DEVIATOR S TRESS (- 1 - 3 Vpsi

...................................-.-.
I,,, --.-..,..... . . . . ....

S--,~ ~.......~.-- .....
.............................................................. .. ....

* ~j~i:.~?......................... ..... ................. .
.. ............ . . . . . .

1 ~-...-....................

SHEAR PA R4'.ETERS .....

q , , - -- - --
.....................:.2..:.>:...z.. ...

Q.. ........... ... ......... I ..

:: :...... .......c .. :... . ..
I-.... ... . . . ... . .

..L .

NO0R MAL STRESS (a-), Psi

R E M,( vAJ RZ7 K$ 5-~ ; ~Z .T
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AT Tl t A S...T""N7 of AGIYULITh ...........:TE ,,.,.oS rL~L C 3 5, .'7. : ; ,. ............. TI01 ~3 ST N
-.-cf-==* -L CO-

PROjECT ec'- S' 'I

FIELO SA'. PLE N) LOCA C'N
/3o'.1 !o(' oL/, 4-00 .5 - ') A - i. .o -&.'

c-EOLCG.C %-~N /TST.E0 A APPROVED 6(~ f/ ~ ;OQ J

CLASSIFICATION _L LL_40 PI 2. CURVE NO.- i-/ OF 2

MAX. PARTICLE SIZE INCLUDED IN TEST .-. " STD (ASTM D-698) Z; METHOD .4

S MINUS NO. 4 '2,70 _ MOD.(ASTM D-1557)0; METHOD _

SPECIFIC GRAVITY (Ge) PLUS NO. 4 OTHER TEST 0 (SEE REMARKS)

L--u -F -: - - - - -- - - I - -------- :-----,---.-I--"-I------ --

1500 - - . - -n,,-- - - -

.000I ..... ... §- .

i- - --5-0-0r'-!-,- - .MAY7 j7T ~. - cf

F7 ,- OPT MOI7 -: ST. 170 %

" ..}a -- i -"l -'{--t--, !- -i- .---!-'-- --i" I { , =- NATURAL M OIST.. %

I - - - l- -T ... t-- - ,- _-,t ;-- - - j r --- -

; .-- i---- , 1.... 1 4ii-jzi,--,---I --'-\----:----- -  .. .-- -t- a... ,. . .. -

"0- ' -- -- -- -- -- ' -- I - -- 'T - ----' "t -- -- L -"

//(" . 4 _" i T ' V, - ' , MX , . p. .

-)- -L -' - . - - ' . .o. . . .--- - -' ... M O IST -;__ /

, -t. I I I, 
"- -

_* _/. __71t.. ....-: -I'I>._ -1 "," - 1 K.. .'- ¢"" 1-- . .I. ..'

_-_ .... . ._ - .. . .. . 1- : -- -. . z- .. . .T ... ... .. . .- .

_ _K .. .__. ____ _ . -- - - -- - - _- _- --_ ..._- -_- - . ; -

MOISTURE- -

-- &.-- I- r

p Jv K iz -~KTViw+I K '0.=a

0-- - -I .

MOISTURE CONTENT, PEYCENT OF 0.'Y %'!E:GHTr t.

REMARKS

-.- -----.,,7 
-7==
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DT'l-T l TCD'A fPRV0B~VO1

GE0LOGC C t,.-N T5C/, PRVDDT

CLASSIFICATION _--__-. _ LL P. 1 Z' CURVE NO. - OF

MAX. PARTICLE SIZE INCLUDED IN TEST .__- - " STD. (ASTM D- 698) 0; METHOD A

S MINUS NO. 4 2,65 MOD.(ASTM 0-15571[:; METHOD

SPECIFIC GRAVITY (Ge) PLUS NO. 4 OTHER TEST C (SEE REMARKS)
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", ineerls he-ort -n-'i- tio'i of 1D-ra Sito F-20

7Marold -_- 7Tmmsend Jr. 1-~6

Strecr: ch,-nr. cioco'..it is reco'F- erded bt-enszctfxcr.'. A and Cleano'ut
dc-ztbls of 2.:5 ft. to 3 ft., bcttoc-: '-idth o' 10 ft. a- d zido slo-c- of 2:1
should 1- adcouato to rer:o-!e the- recont ce,a-l fill. Ch,_zenl cle.nout
is nlot rccc~r:,ended -'or th-e channel beloe. the centerlinc of the c-r-a.

Recor~nond-ci Core:~ Stations Elewvntions
3+00 55.
h'-oo 4),.o
4+45 32.o

L, + "'032.0
5+00 300.0

*5+5o 3S.0
6+50 36.0
7 +50 36.0
7 +C 0 31.0
7+05 31.0
9+00 50.0
9+-'0 56.o

3:1 7rnd Sloires

F~a~r'::tof t'-e m l ateri-s -'.c:- t -o c~~~c :z~:Ln~a' c:

j -laced in t-e corc :t the ':L or to7 soil :L-~ !: ov.;r z.". to :'c!7u_
dr-.4in crac'-s a-d to i:ir-e'': t': ot 0~i'~

The rrir~c.'-al snil -a condu~it T.-il1 '-e 21- inc"h .1: I~t -cr7 atc- r-eal
irn~e. A i-a oron *Inlt a:-d ca ",JI-e-~ed outt "uIll _L1 -:sod.

?oundaticn d iaes7ould not 1-e rcr'uired :ihthe reco-_--. za- ccre ~ts

Thnere dois not ann'-.ar to be an- sna.cial ; udto rf l Keivn -roble-.s
at, hi.s -1-0,


